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Pediatric seatbelt injuries: unusual Chance's fracture associated with intra-abdominal lesions in a child the liver, the kidneys or the pancreas. Despite a hematoma in the retroperitoneal space, the spinal CT scan was interpreted as normal. Emergency laparotomy revealed a mesenteric tear with a lesion of a superior mesenteric artery branch leading to an important mesenteric hematoma. A jejunal segmental infarction and a more distal small bowel perforation were discovered. Moreover, there were two small seromuscular tears, one in the descending colon and one at the level of the ilio-caecal valvula. Two segmental resections of small bowel were performed with immediate restoration of the continuity. A magnetic resonance (MR) image (Fig. 2) of the spine showed posterior ligamentous disruption at two levels (L1-L2 and L2-L3). The intervertebral discs appeared fully normal at both levels. Increased height of the intervertebral foramina and widening of the posterior part of the intervertebral space on flexion dynamic X-rays (Fig. 3 ) confirmed instability at these levels. Ten days after the initial trauma, surgical exploration revealed L1-L2 and L2-L3 instability due to rupture of the supraspinous ligaments, ligamentum flavum and capsules of the posterior joints (Fig. 4) . A fracture of the L1 transverse apophysis was discovered during the operative exposure. Reduction was obtained by getting the child lumbar spine into slight lordosis on the operating table, and fixation was performed with two thread loops, one between the spinous processes of L1 and L2, the second between those of L2 and L3 (Fig. 5) . The child was then immobilized in a body jacket orthosis for 3 months. Seven months after the trauma, the child was asymptomatic, and conventional dynamic radiographs were interpreted as normal (Fig. 6 ).
Discussion
In 1948, Chance first described vertebral fractures that extended horizontally through the posterior spinous process and the neural arch, and ended in the vertebral body [5] . The mechanism of the injury was thought to be pure flexion. In 1965, Howland et al. associated this particular fracture with lap belt use during a motor vehicle accident [16] . Later, Smith and Kaufer hypothesized that Chance fractures associated with seatbelt injuries were due to distraction forces rather than pure flexion stress [31] . These authors noted that usually there was not an anterior vertebral compression but rather a failure of the posterior elements in tension, given that the fulcrum of rotation was commonly anterior to the vertebral body. The concept of a flexiondistraction mechanism of injury was put forward by Rennie and Mitchell, who considered that compression forces were acting on the anterior portion of the vertebral body, while distraction forces were simultaneously acting on the posterior structures [27] . As seatbelt injuries of the thoracolumbar spine were essentially reported in adults [6, 10, 13, 23, 31, 31] , it was thought that this lesion was rare in the pediatric population [22, 23, 25] . An increase in the reported frequency of this injury in children has been reported [1, 2, 4, 8, 11, 17, 19, 20, 22, 23, 26, 30, 32, 34] , and is probably related to the legislation that mandates the use of a seatbelt by children in automobiles. As children have a higher center of gravity due to an increased headto-body ratio [1, 24] , the lever arm movement around the axis is increased, which explains why children are susceptible to Chance fracture [1]. Gumley has described the mechanism of action occurring with this injury when the patient slides beneath an improperly placed lap belt [13] , resulting in an axis of rotation approximately at the level of the umbilicus [1]. In young children, an ideal placement of the lap belt at the level of the hip is difficult to achieve, because of the poorly developed iliac crest and the problem of maintaining an upright posture [30] . This is a particular problem, as children are frequently rear-seat passengers where shoulder restraints are usually absent Final thoracolumbar spine radiograph reveals no residual deformity in standing position [11] . In the case described, the sudden deceleration caused a hyperflexion of the spine around the lap belt. The pattern of the lesion is consistent with a mechanism of flexion of the spine about an axis anterior to the vertebral body, resulting in a pure distraction separating the posterior elements. However, the failure of the posterior ligamentous structures at two intervertebral levels makes it unique (Fig. 4) .
Chance fracture may be difficult to diagnose on the initial radiographs, and CT scans may fail to detect the injury [32] . In the reported case, MRI and especially dynamic X-rays were the most useful additional investigations. Many types of Chance fracture patterns have been described. Some classification systems for Chance fractures have been proposed, and all of them are based on the type of the lesion (only osseous, only ligamentous, or a combination of the both) and on the fracture direction [7, 13, 30 ]. In the case described, lesions through the posterior elements occurred at two different levels. This particular case of Chance fracture can therefore not be related to the described classifications.
In adults, neurological damage is uncommon, and complete paraplegia has seldom been reported [6, 10, 13, 30, 31] . Rumball and Jarvis have assessed the incidence of paraplegia in children with seatbelt injuries to be 15% [30] . Posterior protrusion of the nucleus pulposus or expulsion of the vertebral apophysis may cause progressive neurologic deficits or spinal canal compromise [31] . As the center of gravity is higher in children than in adults [24] , this may result in an increased moment arm, and probably greater distraction, contributing to the higher incidence of paraplegia in children. Additionally, child ligaments and bones can tolerate four times more stretch than the spinal cord [3, 12] . This may lead to normal radiographs in a patient with abnormal neurological findings, known as "spinal cord injury without radiographic abnormality" (SCIWORA) [17, 21] . In our case report, the child showed no neurologic damage.
Treatment of a Chance fracture doesn't only depend on the severity of the injury, but also on the fracture pattern. If the injury is only osseous in all columns, closed reduction and immobilization in an extension brace are appropriate [29] . If the injury is ligamentous, operative reduction with fusion is indicated, because ligamentous damage does not heal without instability. However, children are noted to have a better prognosis than adults [9] . Results of Chance fracture bracing in children, including those with ligamentous injury, are better than what would be expected in adults [11, 33] . Glassmann et al. [20] reported that brace treatment failed only in patients with an initial kyphosis of more than 20°. So they advocated immobilization if kyphosis was less than 20°. In their series, all children with successful brace treatment had a decrease in kyphosis over time because of the remaining potential for anterior growth. Nevertheless, kyphosis greater than 20°requires surgical stabilization even in children, especially when important ligamentous injuries are present [11] , to prevent progression of the kyphosis, instability and chronic pain [18] . In young children, simple interspinous wiring is recommended in order not to disturb the potential of ulterior growth and may be supplemented by postoperative brace immobilization. In adolescents, standard compression devices can be used to counteract the tensile forces acting on the posterior elements [29] . In our case, we opted for a surgical stabilization, given the extended ligamentous injuries. Fixation was performed with two absorbable thread loops, one between the spinous processes of L1 and L2, and the second between those of L2 and L3 (Fig. 5) . This treatment was supplemented by postoperative brace immobilization for 3 months.
Conclusion
Chance fractures in a child are potentially devastating injuries and are largely caused by motor vehicle accidents. They occur when the spine is flexed about an axis anterior to the spine. Associated abdominal injuries are common, but their diagnosis is often delayed. We think that the lesion described in this case report is a variant of Chance fracture. This unusual lesion is characterized by a separation of the posterior elements at two levels. MRI and, above all, dynamic conventional radiography are diagnostic. Instability represents a surgical indication, especially when ligamentous damage is extensive. References
